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FLEXIBLE IMAGING MEMBER SEAM TREATMENT APPARATUS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This is a divisional of U.S. Appln. No. 10/063,974, filed May 30, 2002 by the 
same inventors, and claims priority therefrom. This divisional application is being filed in 
response to a restriction requirement in that prior application. 

[0002] This application is related to U.S. Patent Application Number 10/063,971 
(Attorney Docket No. D/A2002), entitled IMPROVED FLEXIBLE IMAGING MEMBER 
SEAM TREATMENT, U.S. Patent Application Number 10/063,973 (Attorney Docket No. 
D/A2002Q1), entitled FLEXIBLE IMAGING MEMBER SEAM TREATMENT 
ARTICLE AND PREPARATION METHOD THEREOF, and U.S. Patent Application 
Number 10/063,972 (Attorney Docket No. D/A2002Q), entitled FLEXIBLE IMAGING 
MEMBER SEAM TREATMENT APPARATUS, all filed on 30 May 2002, the disclosures 
of which are hereby incorporated by reference in their entirety. In addition, this 
application is related to U.S. Patent Application Serial No. 09/428,932, filed on 28 October 
1999 in the names of Yu et al. and entitled SEAM STRESS RELEASE AND 
PROTRUSIONS ELIMINATION PROCESS, (Attorney Docket No. D/96182Q3), the 
entire disclosure of which is incorporated herein by reference. 

BACKGROUND AND SUMMARY 

[0003] Embodiments generally relate to a seam morphological improvement 
approach, and, more specifically, to a post ultrasonically-welded seam overcoat treatment 
for flexible imaging member belts. 
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[0004] Flexible electrostatographic belt imaging members are well known in the art. 
Typical electrostatographic flexible belt imaging members include, for example, 
photoreceptors for electrophotographic imaging systems, electroreceptors such as 
ionographic imaging members for electrographic imaging systems, and intermediate image 
transfer belts for transferring toner images in electrophotographic and electrographic 
imaging systems. These belts are usually formed by cutting a rectangular, a square, or a 
parallelogram shape sheet from a web containing at least one layer of thermoplastic 
polymeric material, overlapping opposite ends of the sheet, and joining the overlapped 
ends together to form a welded seam. The seam extends from one edge of the belt to the 
opposite edge. Generally, these belts comprise at least a supporting substrate layer and at 
least one imaging layer comprising thermoplastic polymeric matrix material. The imaging 
layer as employed herein is defined as and refers to any of the dielectric imaging layer of 
an electroreceptor belt, the transfer layer of an intermediate transfer belt, and the charge 
transport layer of an electrophotographic belt. Thus, the thermoplastic polymeric matrix 
material in the imaging layer is generally located in the upper portion of a cross section of 
an electrostatographic imaging member belt, the substrate layer being in the lower portion 
of the cross section of the electrostatographic imaging member belt. Although the flexible 
belts of interest include the mentioned types, for simplicity reasons, the discussion 
hereinafter will be focus on the electrophotographic imaging member belts. 

[0005] Between the substrate and imaging layers, such flexible electrophotographic 
imaging members or multilayered photoreceptors also typically include an electrically 
conductive layer, an optional hole blocking layer, an adhesive layer, a charge generating 
layer, and, in some embodiments, an anti-curl backing layer. One type of multilayered 
photoreceptor comprises a layer of finely divided particles of a photoconductive inorganic 
compound dispersed in an electrically insulating organic resin binder to form a layer that is 
charge generating and charge transporting. A typical layered photoreceptor having 
separate charge generating (photogenerating) and charge transport layers is described in 
U.S. Patent No. 4,265,990, the entire disclosure thereof being incorporated herein by 
reference. In negatively-charged varieties of such photoreceptors, a charge generating layer 
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is capable of photogenerating holes and injecting the photogenerated holes into the charge 
transport layer. 

[0006] Although excellent toner images can be obtained with multilayered belt 
photoreceptors, it has been found that as more advanced, higher speed electrophotographic 
copiers, duplicators and printers are developed, fatigue-induced cracking of the charge 
transport layer at the welded seam area is frequently encountered during photoreceptor belt 
cycling. Moreover, the onset of seam cracking has also been found to rapidly lead to seam 
delamination due to fatigue, shortening belt service life. Dynamic fatigue seam cracking 
can possibly happen in ionographic imaging member belts as well. 

[0007] As mentioned above, flexible electrostatographic imaging members are 
typically fabricated from a sheet cut from an imaging member web, generally in a 
rectangular or parallelogram shape, and a sheet is formed into a belt by joining overlapping 
opposite marginal end regions of the sheet. A seam is typically produced in the 
overlapping marginal end regions at the point of joining. Joining can be effected by any 
suitable means, such as by welding (including ultrasonic), gluing, taping, pressure heat 
fusing, and the like. Ultrasonic welding is generally the preferred method of joining 
because it is rapid, clean (no solvents), and produces a thin and narrow seam. In addition, 
ultrasonic welding is preferred because the mechanical pounding of the welding horn 
causes generation of heat at the contiguous overlapping end marginal regions of the sheet 
to maximize melting of one or more layers therein. A typical ultrasonic welding process is 
carried out by holding down the overlapped ends of a flexible imaging member sheet with 
vacuum against a flat anvil surface and guiding the flat end of an ultrasonic vibrating horn 
transversely across the width of the sheet, over and along the length of the overlapped 
ends, to form a welded seam. 



[0008] When ultrasonically welded into a belt, the seam of multilayered 
electrophotographic imaging flexible members can occasionally contain undesirable high 
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protrusions such as peaks, ridges, spikes, and mounds. These seam protrusions present 
problems during image cycling of the belt machine because they interact with cleaning 
blades to cause blade wear and tear, which ultimately affects cleaning blade efficiency and 
service life. Moreover, the protrusion high spots in the seam can also interfere with the 
operation of subsystems of copiers, printers and duplicators by damaging electrode wires 
used in development subsystems that position the wires parallel to and closely spaced from 
the outer imaging surface of belt photoreceptors. These closely spaced wires are employed 
to facilitate the formation of a toner powder cloud at a development zone adjacent to a 
toner donor roll and the imaging surface of the belt imaging member. Another frequently 
observed mechanical failure in the imaging belts during image cycling is that, after being 
subjected to extended bending and flexing cycles over small diameter belt support rollers, 
the ultrasonically welded seam of an electrophotographic imaging member can develop 
cracks that propagate and lead to delamination of the belt. Additionally, such cracking and 
delamination can result from lateral forces caused by mechanical rubbing contact against 
stationary web edge guides of a belt support module during cycling. Seam cracking and 
delamination is further aggravated when the belt is employed in electrophotographic 
imaging systems utilizing blade cleaning devices and some operational imaging 
subsystems. Alteration of materials in the various photoreceptor belt layers such as the 
conductive layer, hole blocking layer, adhesive layer, charge generating layer, and/or 
charge transport layer to suppress cracking and delamination problems is not easily 
accomplished. The alteration of the materials can adversely impact the overall physical, 
electrical, mechanical, and other properties of the belt such as well as coating layer 
uniformity, residual voltage, background, dark decay, flexibility, and the like. 

[0009] As mentioned above, when a flexible imaging member used in an 
electrophotographic machine is a photoreceptor belt fabricated by ultrasonic welding of 
overlapped opposite ends of a sheet, the ultrasonic energy transmitted to the overlapped 
ends melts the thermoplastic sheet components in the overlap region to form a seam. The 
ultrasonic welded seam of a multilayered photoreceptor belt is relatively brittle and low in 
strength and toughness. The joining techniques, particularly the welding process, can 
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result in the formation of a splashing that projects out from either side of the seam in the 
overlap region of the belt. The overlap region and splashings on each side of the overlap 
region comprise a strip from one edge of the belt to the other that is referred herein as the 
seam region. The seam region of a typical overlap seamed flexible belt is about 1.6 times 
thicker than the thickness of the body of the belt. Because of the splashing, a typical 
flexible imaging member seamed belt has a peak splashing height of about 76 micrometers 
above the surface of the imaging layer at the junction between the top splashing and the 
surface of the belt. The junction meeting point is the undesirable site of physical 
discontinuity which has been found to act as a stress concentration point that facilitates 
early onset of seam cracking/delamination under the dynamic fatigue-inducing conditions 
to which imaging members are subjected in normal use. 

[0010] The photoreceptor belt in an electrophotographic imaging apparatus undergoes 
bending strain as the belt is cycled over a plurality of support and drive rollers. The 
excessive thickness of the photoreceptor belt in the seam region due to the presence of the 
splashing results in a large induced bending strain as the seam travels over each roller. 
Generally, small diameter support rollers are highly desirable for simple, reliable copy 
paper stripping systems in electrophotographic imaging apparatus utilizing a photoreceptor 
belt system operating in a very confined space. Unfortunately, small diameter rollers, e.g., 
less than about 0.75 inch (19 millimeters) in diameter, raise the threshold of mechanical 
performance criteria to such a high level that photoreceptor belt seam failure can become 
unacceptable for multilayered belt photoreceptors. For example, when bending over a 19 
millimeter diameter roller, a typical photoreceptor belt seam splashing can develop a 0.96 
percent tensile strain due to bending. This is 1.63 times greater than a 0.59 percent 
induced bending strain that develops within the rest of the photoreceptor belt. Therefore, 
the 0.96 percent tensile strain in the seam splashing region of the belt represents a 63 
percent increase in stress placed upon the seam splashing region of the belt. 
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[0011] Under dynamic fatiguing conditions, the seam provides a focal point for stress 
concentration and becomes the point of crack initiation which is further developed into 
seam delamination causing premature mechanical failure in the belt. Thus, the splashing 
tends to shorten the mechanical life of the seam and service life of the flexible member 
belts used in copiers, duplicators, and printers. 

[0012] Although a solution to suppress the seam cracking/delamination problems has 
been successfully demonstrated, as described in a prior art, by a specific heat treatment 
process of a flexible electrophotographic imaging member belt with its seam parked 
directly on top of a 19 mm diameter back support rod for stress-releasing treatment at a 
temperature slightly above the glass transition temperature (Tg) of the charge transport 
layer of the imaging member, nevertheless this seam stress release process was also found 
to produce various undesirable effects such as causing seam area imaging member set and 
development of belt ripples in the active electrophotographic imaging zones of the belt 
(e.g., the region beyond about 25.2 millimeters from either side from the midpoint of the 
seam). Moreover, the heat treatment can induce undesirable circumferential shrinkage of 
the imaging belt. The set in the seam area of an imaging member mechanically adversely 
interacts with the cleaning blade and impacts cleaning efficiency. The ripples in the 
imaging member belt manifest themselves as copy printout defects. Further, the heat 
induced imaging belt dimensional shrinkage alters the precise dimensional specifications 
required for the belt. Another key shortcoming associated with the prior art seam stress 
release heat treatment process is the extensive heat exposure of a large seam area. This 
extensive heat exposure heats both the seam area of the belt as well as the rod supporting 
the seam. Since the belt must be cooled to below the glass transition temperature of the 
thermoplastic material in the belt prior to removal from the support rod to produce the 
desired degree of seam stress release in each belt, the heat treatment and cooling cycle time 
is unduly long and leads to very high belt production costs. Additionally, such seam heat 
treatment stress-release processing does not produce the desired seam surface smoothing 
and protrusion spot elimination. 
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[0013] Since there is no effective way to prevent the generation of localized high 
protrusions at the seam, imaging member belts are inspected, right after seam welding belt 
production process, manually by hand wearing a cotton glove through passing the index 
finger over the entire seam length and belts found catching the glove by the protrusions are 
identified as production rejects. Both the time consuming procedure of manual inspection 
and the number of seamed belts rejected due to the presence of high seam protrusions 
constitute a substantial financial burden on the production cost of imaging members. 



[0014] The following references may be of interest: 



[0015] U.S. Patent No. 5,190,608, issued 2 March 1993 to Darcy et al., discloses a 

flexible belt having an outwardly facing surface, a welded seam having irregular protrusion 
on the outwardly facing surface and a thin flexible strip laminated and covering the welded 
seam and protrusions. This belt can be fabricated by providing a flexible belt having an 
outwardly facing surface and a welded seam having irregular protrusions on the outwardly 
facing surface and laminating a thin flexible strip to the welded seam. The belt can be used 
in an electrostatographic imaging process. 



[0016] U.S. Patent No. 5,549,999, issued 27 August 1996 to Swain et al, discloses a 
process for coating flexible belt seams including providing a flexible belt having an 
outwardly facing surface and a welded seam, forming a smooth liquid coating comprising 
a hardenable film forming polymer on the welded seam, the coating being substantially 
free of fugitive solvent, and hardening the coating to form a smooth solid coating on the 



seam. 



[0017] U.S. Patent Number 5,582,949, issued 10 December 1996 to Bigelow et al, 
discloses a process for coating flexible belt seams including providing a flexible belt 
having an outwardly facing surface and a welded seam, forming a smooth liquid coating on 
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the welded seam, the liquid coating comprising a film forming polymer and a fugitive 
, iq uid carrier in which the belt surface is substantially insoluble, and removing the ftgfcve 
liquid carrier to form a smooth solid coating on the seam. 

4 , T ,„ 8Q , ? R i issU ed 11 December 2001 to Mishra et al, 
[0018] U.S. Patent No. 6,328,922 Bl, lssuea n 

fnr nn«t treatment of an imaging member belt including providing a 
discloses a process for post treatment oi dii mia B & 

support member having a smooth flat surface, proviog a flexible bet. having a welded 
seam, supporting the inner surface of the seam on the smooth flat surface, contacting flte 
seam with a heated surface, heating flte seam region with the heated surface ,o ra.se the 
temperature in ,he seam region to a temperature of flom ahou. 2-C to 20°C ahou, the T, of 
th e .homoplastic polymer material, and compressing flte seam with flte heated surface wtflt 
sufficient compression pressure to smooth out the seam. 



HW, U S. Paten. Number 5,552,005, issued 3 September 1996 ,o Mammino e. al, 
diseases a flexible imaging sheet and a method of constructing a flexible imaging sheet 
The method of constructing a flexible imaging sheet comprises overlapping, jotntng, and 
shaping first and second marginal end regions of a sheet to form an overiap region and a 
non-overlap region joined to one another by a seam in the overiap region with a generally 
p,anar surface co-p.ana, with a surface of the non-overiap region. The firs, and second 
tnargina, end regions ate secured to one another in the overiap region by the seam, and are 
substantially co-p.anar to minimize stress on the flextble imaging sheet. Minimtzahon of 
stress concentration, resulting from dynamic bending of the flexible imaging sheet dunttg 
cycling over a roller within an electrophotographic imaging apparatus, is particularly 
accomplished in the present invention. 



,0,20, U.S. Paten. No. 6,074,504 to Yu e. al, issued 13 June 2000, discloses a p.ocess 
for heating a seamed flexible elecfrostatographic imaging bel. including providing an 
intaging bel. having two parallel edges, the bel, comprising a. leas, one layer compnstng a 
thermoplastic polymer matrix and a seam extending from one edge of the belt to the other, 
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the seam having an imaginary centerline, providing an elongated support member having 
at arcuate supporting surface and mass, the arcuate surface having at least a substantially 
semicircular cross section having a radius of curvature of between about 9.5 millimeters 
and about 50 millimeters, supporting the seam on the arcuate surface with the region of the 
belt adjacent each side of the seam conforming to the arcuate supporting surface of the 
support member, precisely traversing the length of the seam from one edge of the belt to 
the other with thermal energy radiation having a narrow Gaussian wavelength distribution 
of between about 10.4 micrometers and about 11.2 micrometers emitted from a carbon 
dioxide laser, the thermal energy radiation forming a spot straddling the seam during 
traverse, the spot having a width of between about 3 millimeters and about 25 millimeters 
measured in a direction perpendicular to the imaginary centerline of the seam, and rapidly 
quenching the seam by thermal conduction of heat from the seam to the mass of the 
support member to a temperature below the glass transition temperature of the polymer 
matrix while the region of the belt adjacent each side of the seam conforms to the arcuate 
supporting surface of the support member. 

[0021] While these and other innovative prior art approaches provided improved 
flexible belt seam morphology, nevertheless it has been found that solution of one problem 
has also created new undesirable issues. For example, overcoating the seam of a 
photoreceptor belt with metallic foil can cause electrical seam arcing as the belt cycles 
beneath a charging device during electrophotographic imaging processes. Additionally, 
application of liquid overcoating layer over the seam induced charge transport molecule 
crystallization in the vicinity of the seam overcoat, not to mention that liquid overcoating 
layer can produce poor adhesion bond strength to the seam after solidification into a dried 
coat. Thus, there is a continuing need for electrostatographic imaging belts having 
improved welded seam design that is resistant to seam cracking/delamination, substantially 
free of seam protrusions, has improved seam region physical continuity, and is 
substantially free of factors that damage imaging subsystems. 
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[0022] Furthermore, there is an urgent need to provide seamed flexible imaging belts 
with an improved seam morphology which can withstand greater dynamic fatigue 
conditions thereby extending belt service life. It is also important, from the imaging 
member belt production point of view, that effective cutting of unit manufacturing cost of 
seamed imaging belts can be realized if an innovative post seaming treatment process can 
be developed and adopted for belt finishing implementation to provide the improvement of 
morphological seam surface smoothing free of protrusion spots and to effect the 
elimination of physical discontinuity at the junction meeting point where the top seam 
splashing making contact with the belt surface. 



[0023] Embodiments of the instant invention provide such an improved 
electrostatographic imaging member that substantially overcomes the above-noted 
deficiencies by providing a morphologically improved seamed electrostatographic imaging 
member. Embodiments yield an improved electrostatographic imaging member with an 
ultrasonically welded seam which, after being subjected to post processing, exhibits greater 
resistance to onset of dynamic fatigue induced seam cracking/delamination problem. After 
being subjected to post processing according to embodiments, seams exhibit good 
circumferential dimension tolerance, robust mechanical seam function, and reduced 
cleaning blade wear. Seams treated according to embodiments are substantially free of 
seam protrusions, have smoother surface morphological profiles, have little or no seam 
region physical discontinuity, and have reduced seam area thickness that greatly reduces 
seam region bending stress when the electrostatographic imaging member flexes over 
small-diameter belt module support rollers. 



[0024] These results are achieved according to embodiments by, for example, 
providing a flexible belt seam treatment apparatus comprising a support element with a 
smooth surface arranged to support a belt seam region, a belt hold system that holds the 
belt seam region against the support element, and a heated pressure element arranged to 
heat and force a belt seam region against the support element. The smooth surface 
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supporting the belt can be substantially flat or curved, and can have an abhesive coating, 
such as a fluoropolymer. The heated pressure element can comprise a heated pressure bar, 
preferably exerting from about 70 lbs/in 2 to about 770 lbs/in 2 compression force or can 
comprise a heated pressure wheel, preferably exerting from about 1 lb/in to about 20 lb/in 
line contact force. The heated pressure element can be heated by a resistance heating 
element, electromagnetic induction, or any other suitable heating system, and can include 
an abhesive coating. 

[0025] Such results can also be achieved according to embodiments by, for example, 
providing a flexible belt seam treatment apparatus comprising a support element with a 
smooth surface arranged to support a belt seam region, and a heat and pressure source 
arranged to heat a treatment strip applied to the belt seam region to a temperature falling in 
a range of from about 20°C to about 70°C above a glass transition temperature of at least 
one of a thermoplastic polymer of the treatment strip and a thermoplastic polymer of the 
belt seam region, and further arranged to exert a compression contact force on the 
treatment strip. The heat and pressure source can be a heated pressure bar that exerts, for 
example, from about 70 lbs/in 2 to about 770 lbs/in 2 compression force on the treatment 
strip, and, when the support element is tubular, the heated pressure bar can have a contact 
surface substantially corresponding to at least an arcuate portion of the support element's 
surface. Alternatively, the heat and pressure source can be a heated pressure wheel that 
exerts, for example, from about 1 lb/in to about 20 lb/in line contact force on the treatment 
strip, and, when the support element is tubular, the heated pressure wheel can have a 
contact surface substantially corresponding to at least an arcuate portion of the support 
element's surface. An electromagnetic induction system, a resistive heating element, or 
any other suitable heat source can act as the heat and pressure source. 

[0026] Such results can further be achieved according to embodiments by, for 
example, providing a flexible belt seam treatment apparatus comprising a tube with a 
smooth, abhesive outer surface, a belt hold system arranged to hold a seam region of a belt 
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against at least a portion of the outer surface of the tube, and a heated pressure element 
with a substantially concave outer surface substantially corresponding to a curvature of the 
at least a portion of the outer surface of the tube against which the seam region of the belt 
is held. The heated pressure element can be a heated pressure wheel moved by an actuator 
across a width of the seam region, or the heated pressure element can be a heated pressure 
bar that selectively engages an entire width of the seam region in response to an actuator 
that moves the heated pressure bar into engagement with the seam region when the seam 
region is held against the tube. The belt hold system can comprise a vacuum system 
including at least one opening in the outer surface of the tube, a sealed end of the tube, and 
an unsealed end of the tube in selective fluid communication with a vacuum source, or can 
comprise a bar that extends through a portion of the belt farthest from the tube and 
selectively pulls the belt against the tube, either in response to an actuator that selectively 
exerts force on the belt to pull the belt against the tube, or in response to an operator that 
places the bar in the belt so that the bar pulls the belt through the action of gravity on the 
bar. 

[0027] Although this invention deals with the seam overcoat material formulations, it 
also relates to apparatus and lamination process for effective flexible electrostatographic 
imaging member belts seam overcoating application, the following will focus only on 
seamed flexible electrophotographic imaging member belts to simplify discussion. 

[0028] A more complete understanding of the process and apparatus of the present 
invention can be obtained by reference to the accompanying drawings wherein: 

BRIEF DESCRIPTION OF DRAWINGS 

[0029] In the detailed description, reference is made to the accompanying drawings, in 
which: 
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[0030] FIG. 1 illustrates a schematic partial cross-sectional view of a multiple layered 
flexible sheet of electrophotographic imaging member material with opposite ends 
overlapped. 



[0031] FIG. 2 shows a schematic partial cross-sectional view of a multiple layered 
seamed flexible electrophotographic imaging member belt derived from the sheet 
illustrated in FIG. 1 after ultrasonic seam welding. 



[0032] FIG. 3 illustrates a schematic partial cross-sectional view of a multiple layered 
seamed flexible electrophotographic imaging member belt which has mechanical failure 
due to fatigue induced seam cracking/delamination problem. 



[0033] FIG. 4 shows the cross sectional side view of a strip laminator consisting of a 
thin thermoplastic polymer laminate lightly adhering over a flexible carrier backing 
substrate layer readily for use in invention seam overcoating application. 



[0034] FIG. 5 is a schematic sectional side view of a seamed flexible 
electrophotographic imaging member belt in which the seam is held down onto the flat 
supporting surface of an elongated support member, with a strip laminator (not shown) 
positioned directly over the seam, while subjected to an elevated temperature seam 
overcoating/lamination process, utilizing a flat surfaced narrow heating and compression 
bar. 



[0035] FIG. 6 shows an isometric, schematic view of a seamed flexible 
electrophotographic imaging member belt in which the seam is parked on, with a strip 
laminator placed directly over the seam, and held on a flat surface of an elongated support 
member while subjected to an alternative seam overcoating/lamination process, utilizing a 
hot rolling compression wheel. 
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[0036] FIG. 7 is an isometric schematic view of a seamed flexible electrophotographic 
imaging member belt in which the seam is parked on and held against the arcuate convex 
surface of an elongated support member by vacuum, while heating with a focus infrared 
red spot and coupled with a compression rolling wheel, is subjected to the heating and 
compression processing of the present invention to yield seam overcoating/lamination and 
stress-release results. 

[0037] FIG. 8 illustrates the schematic, sectional side view of the seam 
overcoating/lamination processing arrangement of FIG. 7, but with the only exception that 
this exemplary embodiment used instead a C0 2 laser heat radiation source to replace the IR 
heating source shown in FIG. 7 for achieving the very same invention result. 

[0038] FIG. 9 shows the isometric, schematic view of a seamed flexible 
electrophotographic imaging member belt in which the seam is parked on and held over the 
arcuate convex surface of an elongated support member by vacuum while subjected to 
another invention variance seam overcoating/lamination processing, utilizing a hot rolling 
compression wheel. 

[0039] In the drawings and the following description below, it is to be understood that 
like numeric designations refer to components of like function. 

DETAILED DESCRIPTION 

[0040] Although specific terms are used in the following description for the sake of 
clarity, these terms are intended to refer only to the exemplary embodiment selected for 
illustration in the drawings, and are not intended to define or limit the scope of the 
invention. 
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[0041] Referring to FIG. 1 , there is illustrated a flexible electrophotographic imaging 
member 1 0 in the form of a belt formed from a sheet having a first end marginal region 1 2 
overlapping a second end marginal region 14 to form an overlap region ready for a seam 
forming operation. The flexible electrophotographic member 10 can be used within an 
electrophotographic imaging device and can be a single film substrate member or a 
member having a film substrate layer combined with one or more additional coating layers. 
At least one of the coating layers comprises a film forming binder. 

[0042] The flexible electrophotographic imaging member 10 can be a single layer or 
comprise multiple layers. If the flexible electrophotographic imaging member 10 is to be a 
negatively charged photoreceptor device, the flexible electrophotographic imaging member 
10 may comprise a charge generator layer sandwiched between a conductive surface and a 
charge transport layer. Alternatively, if the flexible imaging member 10 is to be a 
positively charged photoreceptor device, the flexible imaging member 10 may comprise a 
charge transport layer sandwiched between a conductive surface and a charge generator 

layer. 

[0043] The layers of the flexible electrophotographic imaging member 10 can 
comprise numerous suitable materials having suitable mechanical properties. Examples of 
typical layers are described in U.S. Patent No. 4,786,570, U.S. Patent No. 4,937,1 17, and 
US. Patent No. 5,021,309, the entire disclosures of which are incorporated herein by 
reference. The flexible electrophotographic imaging member 10 of embodiments shown in 
FIG. 1 comprises, from top to bottom, a charge transport layer 16, a generator layer 1, an 
interface layer 20, a blocking layer 22, a conductive ground plane layer 24, a supporting 
layer 26, and an anti-curl back coating layer 28. It should be understood that the 
thicknesses of the layers are conventional and that a wide range of thicknesses can be used 
for each of the layers. 
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[0044] The end marginal regions 12 and 14 can be joined by any suitable means 
including gluing, taping, stapling, pressure and heat fusing to form a continuous member 
such as a belt, sleeve, or cylinder. However, for ease of belt fabrication, short operation 
cycle time, and the mechanical strength of the fabricated joint, embodiments employ an 
ultrasonic welding process to join the end marginal regions 12 and 14 into a seam 30 in the 
overlap region, as shown in FIG. 2, to form a seamed flexible electrophotographic imaging 
member 1 0 in the form of a belt. In the ultrasonic seam welding process, ultrasonic energy 
applied to the overlap region is used to melt suitable layers such as the charge transport 
layer 16, generator layer 18, interface layer 20, blocking layer 22, part of the support layer 
26 and/or anti-curl back coating layer 28. Direct fusing of the support layer achieves 
optimum seam strength. 

[0045] Upon completion of welding the overlap region of the flexible 
electrophotographic imaging member sheet into a seam 30 using ultrasonic seam welding 
technique, the overlap region is transformed into an overlapping and abutting region as 
illustrated in FIGS. 2 and 3. Within the overlapping and abutting region, the portions of 
the flexible electrophotographic imaging member 10, which once formed the end marginal 
regions 12 and 14, are joined by the seam 30 such that the once end marginal regions 12 
and 14 are overlapping and abutting one another. The seam 30, indicated by a dashed line 
in FIG. 2, comprises two vertical portions joined by a horizontal portion. The midpoint of 
seam 30 can be represented by an imaginary centerline extending the length of seam 30 
from one edge of belt 10 to the opposite edge, the imaginary centerline (not shown) 
running along the middle of the horizontal portion which joins the two vertical portions 
illustrated in FIG. 2. In other words, a plan view (not shown) of the horizontal portion of 
seam 30 would show a strip much like a two lane highway in which the centerline would 
be represented by the white divider line separating the two lanes, the two lanes comprising 
end marginal regions 12 and 14. The flexible electrophotographic imaging member 10 has 
a first major exterior surface or side 32 and a second major exterior surface or side 34 on 
the opposite side. The seam 30 joins the flexible electrophotographic imaging member 10 
so that, the bottom surface 34 at and/or near the first end marginal region 12 is integral 
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witt, the top surface 32 a, and/or near the second end marginal region 14. Generally, the 
bottom snrface 34 includes at leas, one layer immediately above the bottom of the belt m 
.he ft* end marginal region 12, and the top surface 32 includes including at eas, one layer 
immediately below the top of the belt in the second end marginal regron 14. 



■00461 The welded seam 30 in embodiments also contains upper and lower splastangs 
68 and 70 a. each end thereof as il.ustta.ed in FIGS. 2 and 4. The splashings 68 and 70 are 
formed in the process of joining the end marginal regions 12 and 14 together when molten 
ma .eria, is necessarily ejected from either side of the overlap tegion to facilitate dtrec. 
support-layer-.o-suppott-layer fusing. The upper splashing 68 is formed and positioned 
above the overlapping end marginal region 14, abutting the top surface 32 and adjacent to 
and abutting the overlapping end marginal region 12. The lower splashing 70 is formed 
and positioned below me overlapping end marginal region 12, abutting bottom surface 34 
and adjacent to and abutting the overlapping end marginal region 14. The splashings 68 
and 70 extend beyond the sides and the edges of the seam 30 in the overlap region of the 
welded flexible electrophotographic tmaging member 10. The extension of the spbshmgs 
68 and 70 beyond the sides and the edges of the seam 30 is undesirable for many machmes 
such as electtophoto^aphic copiers, duplicators, and other such machines mat requtre 
precise edge positioning of a flexible electrophotographic imaging member 10 dunng 
machine operation. Generally, the extension of the splashings 68 and 70 a. the be., edges 
of the flexible electtophotographie imaging member 10 are removed by a notchmg 



operation. 



,00471 A typical upper splashing 68 has a heigh, or thickness . of abnut 90 
micrometers and projects about .7 microns above the surface of the overlapping end 
margina. region ,2. Each of the slashings 68 and 70 has an uneven, but generally 
rectangular, shape including one side 72, a free side ma, forms a free end, ex.endmg 
i„ward.y toward top surface 32 from an outwardly facing side 74, which ex,ends 
substantially parallel ,o etther me ,op surface 32 or fine bottom surface 34. The free s,dc 
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of the splashing 68 forms an approximately perpendicular angle 6, with the bottom surface 
34 of the flexible electrophotographic imaging member 10 at a junction 76. Likewise, the 
free side 72 of the splashing 70 forms an approximately perpendicular angle 0 2 at a 
junction 78 of the free side 72 of the lower splashing 70 and the bottom surface 34 of the 
flexible imaging member 10. Both junctions 76 and 78 create focal points for stress 
concentration and become initial points of failure affecting the mechanical integnty of the 
flexible electrophotographic imaging member 10. 

[00 48] During machine operation, the seamed flexible electrophotographic imaging 
member 10 cycles or bends over rollers, particularly small diameter rollers, of a belt 
support module within an electrophotographic imaging apparatus. As a result of dynarmc 
bending/flexing of the flexible electrophotographic imaging member 10 during cychng, the 
rollers repeatedly exert a force on the flexible imaging member 10 that causes large 
stresses to develop generally adjacent to the seam 30 due to the excessive thickness and 
material discontinuity thereof. The stress concentrations that are induced by bendmg near 
the junction points 76 and 78 can reach values much larger than the average value of the 
stress over the entire length of the flexible electrophotographic imaging member 10. The 
induced bending stress is inversely related to the diameters of a roller that the table 
imaging member 10 bends over and directly related to the thickness of the seam 30 of the 
flexible electrophotographic imaging member belt 10. When a structural member, such as 
the flexible electrophotographic imaging member 10, contains a sudden increase in cross- 
sectional thickness at the overlap region, high localized stress occurs near the 
discontinuity, e.g. junction points 76 and 78. 

[0 049] When the flexible electrophotographic imaging member 10 bends over the 
rollers of a belt module within an electrophotographic imaging apparatus, the bottom 
surface 34 of the flexible electrophotographic imaging member 10, which is adapted to 
contact the exterior surface of the roller, is compressed. In contrast, the top surface 32 is 
stretched under tension. This is attributable to the fact that the top surface 32 and bottom 
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surface 34 move in a circular path about the circular rouer. Siuce 0. top surface 32 
greater radial distance from the center of the circular roller than the bottom surface 34, the 
top surface 32 must travel a greater distance than the bottom surface 34 in the same ttnre 
period Therefore, the top surface 32 must be stretched under tension relatrve to a 
generally central portion of the flexible e.ecttophotogtaphic imaging member 10 (the 
portion of the flexible electrophotographic imaging member 10 generally extendtng along 
flre center of gravity of the flexib.e imaging member .0). Likewise, the bottom surface 34 
must be compressed relative to the genera!!, centra, portion of Ore flexib.e imagrng 
member 10 (the portion of the flexible electrophotographic imaging member 10 generally 
extending along the center of gravity of the flexible electrophotographic imagrng member 
,0). Consequently, the bending stress a. me junction point 76 will be tension stress, and 
the bending stress at the junction point 78 will be compression stress. 

,00501 Compression stresses, such as a. Ore junction point 78, rarely cause seam 30 
faihue. Tension stresses, such as at junction point 76, however, are much more of a 
problem. The tension stress concentrate a, the junction point 76 in great likelihood w> . 
evenruafly result in crack initiation through the electrically active layers of the flex* e 
e.ectropho.ographic imaging member 10 as Ulnstrated in FIG. 3. The illustrated crack 80 
,s adjacent to the top splashing 68 of the second end marginal region 14 of the flex.b e 
electrophotographic imaging member .0. The general., vertically extending crack 80 
initiated in the charge transport layer 16 continues to propagate through the generator layer 
18 inevitably, the crack 80 extends generally horizontal* to develop seam delamrnatron 
8, which is propagated through the relatively weak adhesion bond between the adjomtng 
surfaces of the generator layer 18 and the interface layer 20. 

mn] The formation of the loca. scam de.amination 81 is typically called seam 
puffing The excess thickness of the splashing 68 and stress concentration at the junctron 
76 causes the flexible electrophotopaphic imaging member 10 to perform, durmg 
extended machine operation, as though a material defect existed therein. Thus, Ore 
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hashing 68 tends ,o promote the devCopmen, of dynamic fatigue failure of the — 30 
1 can lead to separahon of the joined end marginal regions .2 and .4 sevenng ft. 
ZL waging member ,0. C„nse,uen„y, the service Hfe of the flexib.e tnragtng 



member 10 is shortened. 



MB, In addition to seam failnre, «he crack 80 acts as a depository site and collects 
Ler, paper fibers, dir., debris, and other unwanted materials during e,ec tt opho,ogtaph, 
waging and cleaning of the flexible electrophotographic imaging member a Fo 
Z.e, dunng me cleamng process, a Ceaning — „., such as a 
re pea,ed,y pass over the crack 80. As me site of the crack 80 becomes filled wrth debn 
m cleaning instrument dis.odges a, .east some porflon of mis highly concentrated .eve. o 
aebris from me crack 80. The amount of the debris, however, is beyon «. ~- 
capacity of the Ceaning instrument, and portions of .he h,gh,y concentrated debns „ 
aeposited onto me surface of the flexible electrophotographic imaging member , Jn 
effect the Ceaning instrument spreads the debns across the surface of the flextble 
e.ectrophotographic imaging member .0 instead of removing .he debris .herefrom. 

100531 .„ addition ,o seam failure and debris spreading, the portion of me flexible 
Lber .0 above me seam dCamination 8., in effect, becomes a flap which moves 
„pward,y. The upward movement of .he flap presents an additionC problem dunng the 
c eaning operation. The flap becomes an obstac.e in .be path of me Ceaning .nstrumen. as 
*. instrument mavels across me surface of me flexib.e Ceetropho.ographtc .magntg 
m ember .0. The cleaning instrumen. evennaahy shrikes .he flap when .he flap extends 
up wardly. As the Ceaning i— strikes the flap, great force is exerted , me 
cluing instrument which can lead .o damage thereof, e.g., excess.ve wear and teanng 
the cleaning blade. 

,„ 05 4, In addition to damaging the Ceaning blade, the striking of .he flap by the 
Ling ins,rumen< causes unwanted vibration in the flexible electrophotographic unagrng 
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m ember ,0. This unwanted vibration adverse* affects the copy/print quality produced by 
the flexib.e e.ectropbotograpnic imaging member to. The copy/print is affected because 
imagl „ g occurs on one part of the flexible imaging member ,0 simuhaneous.y wtth me 
cleaning of another part of the flexible imaging member 10. 

|0O551 To overcome the problems associated with seam cracking and delamination 
embodiments emp.oy a seam treatment article, treatment strip, or laminator 
apphed ,„ a strip ,0 the seam regton in a particular fashion. A laminator stnp 32 acco dm 
, embodiments, shown, for example, in cross-section in P.O. 4, compnses a Aim o thm 
lamina ,e 34 adhering to a flexibie backntg substrate ,ayer 36. Embodiments emp, y a 
„ of the laminate 34 of between about 5 m.cromete, and about 50 m.cromc * 

micrometers and about 30 micrometers. 

■0056, Laminate 34 is a film-forming thermoplastic polymer that, in embodiments, is 
substantially identica! or substantia,* compatible with (compare means it can form 
H 1 b,Ld) the polymer bmder of the charge transport ,ayer of the flex.b le tmagmg 
Lmber. fit this context, compare means that the thermop.asttc 
form a polymer b.end with the polymer binder of the charge transport layer. »..y, 
enrbodiments can employ a laminate 34 that is a po,ymer b.end o, the polynte, : bmder »d 
a fflm-forming thermoplastic po.yme, m addition, the .aminate 34 of embodtmen, an 
contain organic charge transport module of fltc same Ktnd or of a drtferen. ^. 
the charge transport iayer. The .aminate 34 of embodiments can have a wtdth of from 
ab ou, 2 mm to about ,5 mm, bu, can yie.d better results with a width of between about 
and abou. .0 mm. The .aminate 34 must be compressive and mafleable under the eat and 

physical discontinuities of the seam. 
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,00571 A.though the flexible baeking substrate layer 36 can be a me«a..ic M or a tagh 
gl ass transition temperature (T s ) flexib.e po.ymer substrate, use of a polymer substrate ma, 
is substantially no. affected by the hea, and compression of embodiments . pre erred. 
Materials such as polyethylene terephthalate (PET, also known aa Mylar,, polyethylene 
naphthalan (Kade.ex), po.yimide (Kapton), and the like meet such requirements and can 
be used in embodiment, A thickness of between about 2 mils and about 5 mtls ts 
satisfactory in embodiments, and a width eoua, to the width of the lamina, can be 
employed, with even better seam overcoating/lamination results achieved in ernboritmen s 
taving a substrate about 2 ,o about 5 mm wider on each side of the .aminate 34. The 
,amina.e 34 preferably has, in embodiments, an .80° adhesion pee, strength over the 
backing substrate layer 36 of between about 3 g/cm and about 8 g/cm to ensure that the 
substrate can be readfty stnpped off of the overcoat after completion of the treatment 
process. Although in embodiments tin. laminate strip 32 is preferred ,0 be a ual-.ayer 
strip as illustrated in FIG. 4, it can also be jus. a single laminate layer 34 tf desrred. 

,0058, An apparatus for carrying out embodiments of the treahnen. me.hod includes a 
hea, source or heating means <ha, hea«s .he seam region (.he area of the imaging member 
,0 around ,he seam 30) after tine .aminate has been placed in comae, with the seam. 
Embodiments also include means for applying pressure to the heated regton. In 
embodiment as shown in FIG. 5, a ho, compression bar or plate ,45 is the hea. source 
and provides .ocalized heating and compression of me region about the seam 30, dtrecdy 
over which a lam.na.or strip (not shown) has been placed, to yield seam 
overcoa.ingAamina.ion result Embodmrents also inc.ude means to hold me seam regron m 
p,ace during treatment such as a vacuum system. Thus, while me seam 30 of tmagmg 
member ,0 is positioned and vacuum held down on me fla. smooth supporting surface of 
support member ,38, the hea. source hea«s me seam region and snap. The ho. compression 
har ,45, preferably me* has a smoom outer contacting surface ma, is coated wuh a 
thin abhesive or low surface energy coating to prevent imaging layer material and me 
.aminamr ship ftom adhering .o its surface when seam overcoating/lamination processmg 
is earned out Any sniteble abhesive or low surface energy materia, can be employed, 
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including fluoropolymers, such as Teflon, silicone, polyimide, and .he like. A dun Teflon 
coating on tine smooth contacting surface is preferred in embodiments became it promotes 
ease of release and prevents imaging member material from sticking to .he surface of .he 
heating/compression bar .45 when making compression comae, during seam .ammation 
processing ,rea.me».. The efficiency of hea. energy dehvery from .he heating/compresston 
bar 145, preferably comprising resis«ancc eleme„,s (no. shown) .emperahtre control, «o .he 
,amina.„r stiip and seam area during contact is adjus.ed by any suitable device, such as a 
conventional adjustable variac 132, to provide snffieien. power .o raise tire .emperature of 
the lammator stiip and seam ama from about 20»C .o 70°C above the T E of he 
.nermoplastic polymer ma,erial in the charge transport layer (T, of dte laminate ,f 
,„ W e, man .ha, of .he charge tianspor, layer) of .he electiophotographic imaging member 
,0 Tins thermoplastic polymer materia! is the .op layer of the imaging member, whtch ,s 
for example the charge tianspor, layer composing a po.ymer binder win, dissolved or 
molecu,arly dispersed charge transport compound, of electiophorographic tmagtng 
member. Conventional .hermos«a,s can be employed .o regula.c .he .emperatitre of .he 
neating/compresston bar 145A narrow vacuum channel 140 can be used in embodunen.s 
on each side of .he support member to vacuum hold the belt .0 do™ agatns. me fla 
supporting surface of support member .38. The vacuum c„anne.s .40 can be , about : 2 
mil.ime.ers apart and extend, on each side of scam 30, along .he support member 138 .0 
about .he Ml width of .he b=l, 10. Suitable widths for the vacuum channels can be about 
60 mils (1.5 mm,. The upper ends of the vacuum channels .40 are open, and me lower 
ends are connected by a soluble device, such as a valved flexible hose (no, shown , 
.eading to any soluble vacuum source. After bel, 10 is placed on.o support member 18, 
snch as manuafly or by any suitable convention* robotic device, the initiafty closed valve 
on .he flexible hose .o tine vacuum source is opened, enabling the device ,o suck rhe be., 1 
against me upper, fla,, smooth surface of support member ,38. This suction holds the belt 
,0 subs.an.tauy immobne on support member .38 during seam overcoatingAammauon 
processing. If desired, embodiments can include a plurality of holes of any suiuble shape 
(. g round, ova., square, and the like) instead of or in addition ti» .he channels 140. The 
number and size of dte holes should he snffieien. to hold the belt .0 against the support 
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m embe, The size of .he chants and ho.es shouid be smal, enough «o avoid distortion o 
ft. be,, dnnng the seam area heating and compression process. The resistance of the be 
to distortion when snction is apptied depends on the beam strength of the specific be« 
employed, which in turn depends npon me specific mater* in and thickness of the ^ 
in thebel. .0. The support member 138 may comprise any snitaUe hard matena,. Typtcal 
materials include, for example, hard plastic, having a smooth and polished surface. 
Preferably, support member 138 is metallic. 

,00591 in embodiments, the heating/compression bar 145 preferably has a width of 
between about 6 mi.lime.ers and about 30 millimeters with a lengm sufficient to cover .he 
seam 30 along me entire width of me imaging member ,0. In the process, 
heating/compression bar 145 compresses agains, .ami„a,or ship and seam 30 to make 
intimate force contact with the seam. Such intimate force contact made by 
heating/compression bar .45 substantia.* instantaneous* e.eva.es the temperature of a 
small localized region of the imaging .ayer adjacent to seam 30 of the imaging 
con.ain.ng thermoplastic polymer. Tbis small locahze4 region of me imaging layer m tire 
upper portion of the seam region is heated substantially instantly above the T of 
.hermoplastic polymer. Typicafiy, the T, of a fi.m forming po.ymer use *, » 
eiectrophotographic imaging .ayer, e.g., the charge transport layer, is a. leas, about 45 C 
satisfy most imaging be., machine operating conditions. The imaging layer of an unagmg 

waging member and a dic.ec.ric layer if .he imaging member is an electrogmpluc unagmg 
member. Since me charge transport layer of embodiments is a composite compnsmg a 
po,ymer binder, a disso.ved or molecular* dispersed charge tiansport organic compound 
and optional pigment particles, the T g in this case is a T. of the combination. Thus, tire 
expression po.ymer materia, as emp.oyed herein is defined as the po.ymer and any other 
materia, present in an imaging .ayer or in the .aminate. Such po.ymer matena s used for 
eiectrophotographic imaging layer coating applications norma,* have a T g of a. .east about 
45°C to satisfy most imaging be., machine operating conditions. Preferab.y, the seam area 
heating and compression process is carried on, between about 20°C and about 70°C above 



24 



* 



the T g of the thermoplastic polymer material of the imaging layer (e.g., charge transport 
layer) or the laminate (whichever one has the lower T g ) in order to yield strong overcoated 
laminate adhesion bonding onto the seam region, surface smoothing result, good physical 
continuity transition at the seam region, and seam region thickness reduction outcome. 
Occurrence of material melting, distortion, or cutting through of the seam components 
during heat/compression processing treatment should be avoided, because this weakens or 
damages the belt. 

[0060] For processing a flexible imaging member having a skewed seam, the belt 
itself can be cocked and adjusted such that the seam is positioned, without skewing, on the 
flat support member 138 and under the heating/compression bar 145. Compression bar 
145 contacts and compresses the laminator strip and seam 30 while the belt 10 is held 
down against the flat supporting surface of the support member 138 by the vacuum 
channels 140. During pressure contact, the heat conduction from the hot compression bar 
145 heats up the seam region to the desirable temperature and the compression pressure 
generated by the bar facilitates the bonding of the laminate to the seam to provide surface 
smoothing, eliminate or minimize seam region physical discontinuity, as well as reduce 
seam region thickness. The compression bar 145 preferably exerts a compressive pressure 
of between about 70 lbs/in 2 (5 kg/cm 2 ) and about 770 lbs/in 2 (55 kg/cm 2 ) on the laminator 
strip and seam region in order to achieve the invention seam overcoating/lamination result. 
An effective temperature range used for heat treating/laminating an overcoat onto the seam 
of a typical flexible photoreceptor belt, comprising a top exposed charge transport layer 
containing a thermoplastic polycarbonate polymer and a dissolved or molecularly 
dispersed charge transport compound, is appropriately selected to be in a range of between 
about 85°C (185°F) and about 97°C (206°F), based on the fact that the charge transport 
layer with a thickness of about 24 micrometers has a T g of about 82°C (180°F). Since the 
preferred imaging member seam lamination treatment embodiment of this invention 
involves heat and pressure contact with only the seam region (a small surface area), the 
desired lamination treatment temperature is readily reached and cooling of the heat treated 
seam region to room ambient is quickly attained, the entire overcoatingAamination 
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processing is completed wiihin a short cycie time. Generally, tire cycie time of .he seam 
„vereoa,i„g/lami„atio„ processing for the typical photoreceptor belt can be accomplished 
in less than about 20 seconds with the process of this invention for belts having a wrdtir of 
between about 20 centimeters and about 60 centimeters. 



[0061] An alternate heat source and pressure applying system usable in embodrments 
is illustrated in FIG. 6. A single heated, rotatable compression wheel 1 50 is rolled over the 
laminator strip 32 and seam 30 of belt 10, which is parked and held down by vacuum (not 
shown) on a smooth flat surface of support member 148. The geometry and destgn of flat 
support member 148 is identical to the support member 138 shown » FIG. 5. 
Compression wheel 150 can have a flat outer peripheral surface profile mat exerts strarght 
line compression contact against the seam to smooth the exposed surface of seam 30, 
eliminate protrusions, and reduce the seam region thickness. The direction of .he 
compression force vector is perpendicular to the surface of the support member. The lower 
edge profile of .he perrpheral surface of wheel 150 is straight and subs.antially parallel to 
.he smooti, flat surface of the support member 148 during seam treatment. Tins perrpheral 
surface should be maintained a. a temperature sufficient to raise tire temperature of the 
thermoplastic polymer material of .he top layer, tire imaging layer, of .he bel. seam to a. 
teas. its glass ttansition temperature T, The peripheral surface of wheel 150 preferably 
has a thin coating surface of abhesive material to preven. imaging layer matenal from 
adhering to .he peripheral surface of wheel 150 during the seam overcoating/lamtnation 
process. Any suitable abhesive material can be used. Typical low surface energy or 
abhesive materials include, for example, fluoropolymers, such as Teflon, stlrcone, 
polyimide, and the like. The heated compression wheel 150 is preferably metallic wtth a 
smooth peripheral surface. Healing of tire wheel can be accomplished by any suuable 
device such as, for example, by an electromagnetic induction RF heating mechantsm 152 
to give tire desired lemperamre when wheel 150 traverses .he full width of bel. 10 and 
over seam 30 to compress tire seam. Alternatively, any other suitable device, such as a 
resistance wire heating system 154 can be employed to hea. compression wheel 150. 
Where .he resistance wire is part of me wheel, any suitoble electrical connection, such as 
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slip rings 156, can be used to provide electrical energy to the resistance wires. Sufficient 
heat energy should be supplied to wheel 150 to adequately heat the peripheral surface 
thereof. Preferably, the hot rotatable compression wheel 150 is reciprocated and the 
support member 148 carrying belt 10 remain stationary during the seam treatment. 
However, if desired, the support tube and belt can be moved and the wheel remams 
stationary or both can be reciprocated to achieve relative motion with each other. Wheel 
150 remains rotatable and exerts a linear compression force of between about 1 lb/in. (0.18 
kilograms/cm) and about 20 lbs/in. (3.6 kilograms/cm) over the laminator strip and seam 
region during any of the aforesaid seam treatment embodiments. Since the line force of 
compressive contact, generated by the continuous rolling wheel pressure action against the 
laminator strip 32 across the entire belt width, at least matches or is greater than the width 
of strip 32 at the site on the seam heated by the hot wheel 150, the compressive line of 
force contact is perpendicular to the seam length and of infinite numbers or continuum as 
the hot wheel rolls and traverses to effect mil seam overcoating/lamination. 



[0062] Another heat source usable in embodiments includes infrared radiation 
sources. Embodiments can, for example, use incandescent lamps or high intensity 
discharge lamps as the heat source. Additionally, optics, such as, for example, reflectors, 
lenses, and filters, can be used to alter the character, path, and intensity of the output of 
such infrared radiation sources. An example of an infrared radiation heat source 
arrangement usable in embodiments is illustrated in FIG. 7. A high power tungsten 
halogen quartz bulb infrared (IR) is the heat source 103, and provides localized, focused IR 
heating Preferably, optics are employed to create a small, substantially circular heat spot 
that preferably straddles the laminator strip 32 after the strip 32 is placed on the seam 30 of 
imaging member 10. The seam region is, for example, held down on a hollow support 
cylinder 90 at about the 12 o'clock position. A free rotating compression wheel 108 
follows the heat spot to provide localized compression to the heated portions of the 
laminator strip 32 and the seam region of imaging member 10. The circular IR heat spot 
should have a diameter sufficient to cover, yet not to exceed, the entire width of the 
laminator strip 32 in order to impart an effective result. In embodiments, this width can be 
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between about 2 mm and about 15 mm in spot diameter. Compression wheel 108, trailing 
right behind the IR heat spot, is biased against the laminator strip 32 (placed over the seam 
30) by a spring 1 10 to provide the needed compression force. Both the IR heat source 103 
and compression wheel 108 are supported by any suitable means 112 (partially shown), 
such as part of the frame of the processing device. An advantage of using a curved, 
convex surface is to provide seam bending stress release; the processed seam obtained 
according to embodiments employing such a curved surface can yield an enhanced seam 
cracking/delamination life extension result under normal operating conditions. 

[0063] As in the previous examples, a narrow vacuum channel 104 can be used in 
embodiments on each side of the hollow support cylinder 90 to hold the belt 10 down 
against the arcuate convex surface of cylinder 90. The vacuum channels 140 can be about 
180° apart and extend axially along each side of cylinder 90. Suitable widths for the 
vacuum channels can be about 60 mils (1.5 mm). One end of tube 90 is sealed (not shown) 
and the other is connected by a suitable device such as a valved flexible hose (not shown) 
to any suitable vacuum source. After belt 10 is placed onto the tube 90, such as manually 
or by any suitable conventional robotic device, the initially closed valve on the flexible 
hose to the vacuum source is opened, enabling the device to suck the belt 10 against the 
upper, arcuate, convex surface of tube 90 and to achieve a substantially 180 degree 
wrapping of belt 10 around the upper, arcuate, convex surface of tube 90. plugs, seals, 
end-caps, or the like can be used to close the end openings of supporting tube 90 to ensure 
vacuum buildup. This suction holds the belt 10 substantially immobile on the tube 90 
during seam overcoatingAamination processing. If desired, embodiments can include a 
plurality of holes of any suitable shape (e.g. round, oval, square, and the like) instead of or 
in addition to the slots 104. The number and size of the holes should be sufficient to hold 
the belt 10 against the support member. The size of the slots and holes should be small 
enough to avoid distortion of the belt during the seam area heating and compression 
process. The resistance of the belt to distortion when suction is applied depends on the 
beam strength of the specific belt employed, which in turn depends upon the specific 
materials in and thickness of the layers in the belt 10. 
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MM, In embodiments, the supporting cylindrical lube 90 for imaging be., K I has an 
u.er radios of curva,ure of, for example, between abo, 9, millimeters and about 
-BH— 0* oiamerer of curvature of between abou, ,9 millimeters and abou 00 
dimeters). When me radius of curvature chosen for mventton seam 
Loa^amtnation processing is >ess than abou, 9, milhmelers (i.e. .ameter 
curvature of about 19 millimeters), the beam rigidity of the eledropholographtc tmagmg 
W, wiU raise the he., >0 bending re,s<ance so high that only a very small - -nbe 
achieved prior to canying out the treatment. When the ratifus of curvature, ^ -» 
ab „u, 50 mtHimeters (i.e. diameter of curvature of abou. ,00 m.crome,ers , me earn 
snesa.re.ease is no, fully realized because little or insigniftcan, seam bendmg stress-release 
in the imaging layer is obtained. 

MS. Wi,h reference again ,o FIG. 7, tire elcc,ropho,ographic imaging be., 10 is 
osttilned with be,, scam 30 parted dtieclly over supporting cylindrical tube 90 *> « 
L arcua,e convex surface of ,ube 90 is in intimate contac, with tite back surface f beUIO 

, . „ f in facing away from lube 90. If desired, to further 
with the top imaging surface of belt 10 lacing away 

assure intimate contac, and conformance of me be., to the top convex surface o me tube 
; say for ,ns,ance, «he be,, is malting an 1 80" wrap around the ttrbe), a slight be,, ,e„,on 
can be applied to the be,, ,0 by any suitable means such as, for example, by msertmg a 
m wei^, cylindrical lube of ttte same ouler diameter as tube 90 inside the lower loop of 
« ,0 L .he he,, .0 is hanging from tt.be 90. Tube 90 can be cantilevered by seeing 
one end ,o a supporting wa„ or frame. A desnab.e imaging member wrapped angle for the 
seam segmen, parking over ,he hack supporting cylindrical tube 90 shou d pr^tde , 
a.ua.e convex area a, the seam region a, leas, abou, as wide as me diameler of le hea^ 
substantially circular IR spol. 1, is preferred ,ha, me wrap angle encompass m g ure^m 
and re gion of ,he bel, adjacent each side of the seam conforming * * «~ on™ 
supporting surface of tite support member be between about 10- and abou, 180 . Th 
Ila, used for tube 90 mus, be very hard and nearly incompressible. It can be of any 
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suitable material, including, for example, metal, plastic, composites, and the like, but is 
preferably metallic. Although the imaging member 10 is shown to be held down against 
the convex upper surface of the full circular support tube 90 in FIG. 7, the elongated 
support member may alternatively have any other suitable shape such as an elongated half 
circle, an elongated partial circle, a bar having an arcuate convex surface on the side 
contacting the seam, and the like, provided the support member employed has an arcuate 
convex curve surface sufficient to retain and hold down the entire length of the seam 
region of the parked belt during seam overcoating/lamination processing. 

[0066] The IR tungsten halogen quartz bulb 105 emits a dominant radiant wavelength 
of about 0.98 micrometer. Preferably, at least about 80 percent of the radiation emitted by 
the tungsten halogen quartz bulb 105 has a radiant wavelength of about 0.98 micrometer. 
A typical, commercially available, high powered IR tungsten halogen quartz bulb 105 that 
can be used in heating source 103 is a Model 4085 infrared heating bulb, available from 
Research, Inc., and comprises a 750 watt tungsten halogen quartz bulb (750Q/CL, 
available from Research, Inc.) positioned at a focal point inside an aluminum hemi- 
ellipsoid shaped heat reflector 106 similar to the schematic arrangement shown in FIG. 7. 
This IR heating bulb 105 has an adjustable energy output to give suitable IR heat spot 
temperature; for example, with heat flux densities to 650 watts per square inch (1007 
kilowatts per square meter) at a 6 millimeter diameter focal point of the converging 
infrared energy. A 500 watt tungsten halogen quartz bulb is also available form Research, 
Inc., and other suitable bulbs could be obtained from other manufacturers. Bulb 105 is 
positioned inside an hemi-ellipsoid reflector 106 at the focal point of the reflector so that 
all the reflected energy from bulb 105 converges at another focal point outside of the 
reflector 106. If the hemi-ellipsoid reflector were formed into a complete ellipsoid rather 
than half an ellipsoid, there would be two symmetrically positioned focal points, one where 
the bulb 105 is located and the other where the reflected energy from the bulb 105 
converges. The reflector can be made of any suitable coated or uncoated material. Typical 
materials include, for example, uncoated aluminum, gold plated metal, stainless steel, 
silver, and the like. If desired, the reflector can contain openings to facilitate the 
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circulation of a coo.ing gas. An increase in the area of ft. openings in the reflector wu 
rednce ft. amount of reflected energy from bulb 105 ma. converges a. another focal pom. 
outside of me reflector .06. The dislance be<ween me ref.ec.or and .he outer surface of .he 
seam is adjust by any suifabfe positioning device, such as, for example, a conventional 
,cad screw and half device 88. Any other sutfab.e device, such as a rod fixed to a movable 
carnage and sliding collar fitted with a se. screw, the collar being secured to the reflector 
and slidab.e on the rod, can be used so long as a high intensity, substantial., crcular K 
spot can be formed. The diameter of .he spo. is, for examp.e, be«ween abon. 2 mOhmerera 
and about 15 millimeters and covers me enure wid.h of .he laminator ship 32. Thrs htgh 
intensity focused circular IR spo. subs.an.iaHy i„s.a»«aneous,y elevates me temperattue of 
only a small localized region, sufficien. enough .o cover the width of me laminator s«np 32 
and .o exceed me glass transttion temperature (T e ) of me charge transport layer in me seam 
area or .he laminate 34 of laminator strip 32. Typical*, .he T E of a film forming polymer 
in .he formulalion used for electrophotogrt.phic imaging layer coating applicants » a. 
,eas« abou. 45°C ,o sattsfy most imaging belt machine operating conditions. Prefembly 
the hea. exposure spo. in embodiments should be between abou, .he 20«C and abou. 70 C 
above the lower of the T, of the imaging layer or the laminate 32 .o achieve suffice™ 
seam overcoating/lamination and stress release results. 

,0067, The IR heating source 103 is moved substantially continuously or 
incrementally, a,ong and above, .he ,amina.or ship 32 and .he seam 30, by manually or 
automa.tca.ly means, such as by any suitable horizontally reciprocateab.e carriage system 
(no. shown). Typical horizontally reciprocateable carriage systems include, for examp.e, 
bal, screw, two way acting air cy.inder, lead screw and mo.or combination, belt or cham 
drive slide system, and the like. A relative speed of movement between the heating 
source/compression wheel assembly and the support tube 90 homing .he seamed be, ,0 
can be from abou. 1 centimeter to abou. 20 centimeters per second with sattsfactory 
rcsutt, A relative speed between abou. 2.5 centimeters and abou. .2.5 ^ 
second yields better resu.t, Attentively, if desired, me whole integral part of me IR hea 
source 103 with compression wheel assemb.y can be held stationary while me time 
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casing .he hold-down imaging member can he se. to motion, in exae, M reversed 
manners as jnst described, to achieve the same processing outcome. 

,00681 The rotatable compression wheel 108 illnstrated in FIG. 7 can have a 
eriphera, surface with an arcuate, concave cross section with a curvature that substanttally 
orresponds to or is slightly larger than the predetermined curvature of me ««*«-«• 
substantially sem.circnlar cross section of the elongated surface of the upper half of to 
support tube 90. The wheel 108 produces a compression line pressure contact between 
periphery surface of .he wheel and outer surface of the seam, augmented by .enston force 
generated by spring 1 10. To produce effective invention seam area overcoatrng/lamtnanon 
esul, ma, can yield good seam region phystca, continuity and an improved surface 
morphological profile, « is important ma, the peripheral surface of the compression wbee 
has an arcua,e concave radius of curvamre. Preferably, me arcua,e concave ramus of 
curvature is between abou, 9.5 millimeters and abou, 55 mil.ime.ers. The arcua,e conca 
radta s of curvamre shou,d correspond ,o orbe alighfiy larger (e.g., by up ,o abouOO 
percen, larger) man me convex surface radius of curvamre of me support ,»be 90 w h 
preferably haa a convex radius of curva,ure of he,ween abou, 9.5 mfflimeters and about 50 
millimeters. The radius of me compress.on wheel 108, measurer, ftom M center of 
rot a,ion or axis ,o the midpoint of line contact agams, the seam, can be, for example, 
between abou, 1/8 inch (3.2 mi,l.me<ers) and about 1/2 inch (12.7 millimeters), so long as 
the presaure application requirements of embodiment are me, Meaauremem of *. »*. 
of the compression wheel 108 ia analogous ,o measuring me radius a, me wars, of an hou 
gtaas, ,he compression wheel 108 having a cross sectional shape (taken along me axts of 
the hour glass) similar to that of an hour glass. 

,00691 Since tire heated Iodized site cools very quickly, a very small compression 
Lee, radius measured at the wais. allows delivery of the circular ho, spot ftom me IR hea, 
source .03 to the laminator snip (placed over the aeam) closer ,o the imaginary axts of * 
wheel or tire line of compression ao ,ha, i, is in tangential contact wtth wats. of the wheel 
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(e g bottom of the arcuate channel at about the 3 o'clock position of the wheel when a 
vertically aligned compression wheel is employed). Preferably, contact of the IR heat spot 
to the waist or any other part of the wheel 108 is avoided to prevent heat build up in the 
wheel. By positioning the focus beam of the IR close to the waist of a small radius wheel, 
the localized site heated by the IR heat spot is very close to the line of compressive contact 
exerted by the compression wheel against the laminator strip 32 from one side of the seam 
region to the other which, therefore, allows quick compression force application by the 
wheel to the localized heated spot before this hot spot cools to a temperature below the T g 
of heated polymer material in the localized site and thereby effecting seam 
overcoating/lamination result. However, the radius at the waist of the wheel should not be 
so small that rigidity of the compression wheel is compromised. Thus, for example, the 
waist radius of the compression wheel should not be so small as to cause the wheel or 
wheel support member to bend when it is used to apply a compression force to the seam 
region The limiting waist radius of the wheel 108 is strongly dependent on the specific 
materials used to make the wheel. Similarly, bending resistance is also dependent on the 
specific materials selected for the wheel. 



[0070] If desired, embodiments of the IR heat source 103 can be designed to have 
varying adjustable positions such that it can be tilted, inclined, or angled to allow 
positioning of the incident focused IR heat spot even closer to the line of compressive 
contact between the compression wheel 108 and the laminator strip/seam region. Since the 
line of compressive contact generated by the rolling compression wheel contacting the 
laminator strip/seam region is greater than or equal to the laminator strip width, the lines of 
compressive contact force generated are substantially perpendicular to the seam length and 
of infinite number. This achieves substantially complete seam overcoating/lamination 
processing with seam smoothing, stress-release, and substantial reduction of physical 
discontinuities of the entire seam region. Therefore, it is preferable that the line of 
compressive contact made by the compression wheel 108 on the laminator strip 32 form an 
arc of sufficient length to cover the full width of the laminator strip 32. The 
circumferential concave surface of the compression wheel 108 preferably generates a 
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uniform linear compression force of, for example, between about 1 !b/tn (0.18 
kilograms/cm) and about 20 lbs/in (3.6 kilograms/cm) when in rolling contact wtth the 
.aminator strip 32. By comparison, if a compression wheel 108 having a peripheral surface 
with a cross section having an infinite radius of curvature (which is essentially a stratgh. 
line) is used, only point contact is achieved since support member surface is arcuate. The 
compression wheel 108 can be of any suitable material, including, for example, metalhe, 
hard plastic, or composite materials having a smooth contacting surface. It is preferred that 
the contacting surface comprises a thin coating of low surface energy material, such as a 
flnoropolymer, such as Teflon, polysiloxane, a polyimide, such as Kapton, and the hke. 

[00711 In the even, that it is required to process a flexible imaging member having a 
slanted seam (i.e. a seam that is an angle other than 90 degrees with each edge of belt 10), 
the integral part of hearing source 103 and compression wheel assembly may be 
programmed or set to precisely track the seam when traversing the entire belt wtdth. 
However, it is preferred that the belt be cocked and adjusted so that the seam is parallel to 
an imaginary axis of the support cylinder member (i.e., without skewing) along the top of 
the support cylinder member after belt mounting. 

,0072) Although the 1R heat source 1 03 is shown as a quartz halogen lamp in FIG. 7, 
any other suitable source of hea, energy can be used as fire IR hea, source 103. For 
example, embodiments cart use an IR laser, such as a sealed carbon dioxide (CO,) laser, as 
the IR hea. source 103, as is illustrated, for example, in FIG. 8. Sealed carbon dioxide 
(CO,) lasers are commercially available, such as a Model Diamond 64 sealed carbon 
dioxide laser from Coherent, Inc., which is a slab laser comprising a pair of spacer) apart, 
pianar electrodes having opposed light reflecting surfaces. The spacing of the electrodes ts 
arranged such that light will be guided in a plane perpendicular to the reflecting surfaces, 
while light in a plane parallel to the light reflecting surfaces is allowed to propagate tn ftee 
space and is only confined by a resonator. Preferably, the lasing medium is a standard C0 2 
,asing mixture, including, for example, helium, nitrogen, and carbon dioxide wtth a 3:1:1 
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ratio, plus the addition of five per cent xenon. The gas is maintained between 50 and 1 10 
torr and preferably on the order of about 80 torr. The gas is electrically excited by 
coupling a radio frequency generator between the electrodes, as is explained m the 
description of a typical sealed carbon dioxide laser found, for example, in U.S. Patent No. 
5 123 028 the entire disclosure of which is incorporated herein by reference. Sealed 
carbon dioxide lasers are also described in U.S. Patent No. 5,353,297, U.S. Patent No. 
5 353,297, and U.S. Patent No. 5,578,227, the entire disclosures of which are also 
incorporated herein by reference. While such sealed carbon dioxide lasers can produce, for 
example, a 150 watt beam, when used in embodiments, such lasers should be adjusted to 
deliver a lower output of, for example, about 6 watts for the seam heat treatment process. 

[0073] Optics are employed in embodiments to treat the output of the laser. A phase 
shift mirror can be used to transform a laser beam with linear polarization into a beam with 
circular polarization. To obtain a circularly polarized beam, a phase shift mirror is 
positioned with an incidence angle of 45 degrees and the laser beam output with a plane of 
polarization parallel to the laser base is rotated 45 degrees to the plane of incidence. The 
resulting circularly polarized beam of heat energy is focused with a lens into a desired size 
on the outer surface of the seam. For example, a Melles Griot Zinc Selenide Positive Lens 
with focal distance of 63.5 mm (2.5 inches) can be used as the image lens. In the process 
of the present invention, all of the radiant energy emission from the carbon dioxide laser 
103 progressively strikes localized sites encompassing the seam and regions of the imaging 
belt immediately adjacent the seam to deliver instant heating followed by quick cooling as 
the belt 10 with the supporting cylindrical 90 is traversed by the beam of heat energy from 
the laser heating source. 

[0074] Preferably, the raw laser heat energy beam emitted from a laser has a circular 
cross section, but any other suitable cross sectional shape can be used to raise the 
temperature of a localized site along the seam. The diameter of a raw beam emitted by a 
laser is normally constant along the entire length of the beam. The thermal energy 
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rad ,a,ion emined from a carbon dioxide laser is directed a, me sea™ of the , «- £ 

.>• frnm the laser forms a localized site, such as a round spot, 
Ihetma, energy radtabon f on, the ^ fo^ ^ ^ § ^ 

straddling the seam dunng traverse of the seam. The 

spot on me surface of .he seam preferably has an average w.d,h of «»•»*»* 
m Lers and ahon, 25 milling measured in a direerion perpend,cu lar to *e 
ST— - - seam, depending upon the parheniar — °f .he seam » 
be For example, a Mode. Diamond 64 seaied earbon d,oxide iaser from Coherent, 
Lar raw heat energy beam having a diameier of ahon. 6 miners. Th.s 
I' I hea. energy beam wiH form a hea.ed localized site or spo, having a = f 
about 6 mi.Hme.ers on .he be., seam, if desired, me 6 tnfflinteter spo. size of the therm* 
X s^hag .he o,er snrfaee of .he seam ean he redueed for smaU seam area heabng by 
Zl me e-ed raw ,aser hea, energy beam nsing any suitable dev.ee, snob as - 
CI ,o give a 3 millimeter ,o 6 minime,er hea,ed .ocalized spo. size measure ,n a 
^ indicula, ,o me imaginary een.er.ine of ,he seam. Mmough me ,emp.a,e « 

r eld localized spo, shape ,o any suhab.e and desired shape sucb as an ova., 
alter the neaieo site M sp0 , „ 

squar e, rec<a»g,e, hexagon, oc-agon _ has . „ of 

pref erred. Moreover, where for example, ore laser ea^gy 
about 6 millimeters and a larger hea. spo. ts des.red on me ou,er surfac 

toe .aser beam can be defocnsed using any soluble device, snob as a zmc selemd 

the laser beam ^ dlstances 

h.i»/<.en the laser beam source and the belt seam, urns, j ; 

between me millimeter diameler laser 

between me laser beam source, the lens and ,he belt seam, 

beam can be defocnsed ,0 give a larger spo, having a diameler grea,er man about 6 

ml Is and preferably less than abou, 25 millimeters in diameler measured m 
rn.lhme.ers and P y ^ for ^ ^ 

direction perpendicular to the imaginary 

„ f large seam areas. If a mask is employed * change the shape of he mw l^he 
e J beam or me defocnsed hea, energy beam to form a spo. shape other man rom^b 
tefld he,ed localized ,.e or spo. size ma. sbaddles me seam haa an average — 
be«ween abou, 3 millimeters and about 25 millimeters measured m a direc ion 

rLmar , 0 * ^ — of „ _ 

heated localized she measured in a direction perpendicular to (he imaginary 
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to sea. is >ess than abou, 3 mi—, ** — stress re.ease area - -^ 
cover a seam regton which has a width of aho„, 3 mi„une,ers from one srde of the seam 
to the Che, When the average diameter of the heated spot is greater than ab « * 
nlmetera, the stress reiease area exceeds me intended seam — regton and e ,»da 
1 the Oecrrophorographtc imaging *one of me he., norma,,, nsed for image formal. 

,„ 751 Since the carbon dioxide User dehvers a constant diameter raw hea, energy 
earn , he physica, distance from the seam surface of the imaging belt to the ,ase, - less 
o the hea, — , process of mis invention, as long as ,he intend, seam 
Z treatment spo, si* is the same as <he diame,er of me raw ,aser beam or sutler *tm 
to raw iaser beam by asing a masting tempiate. The earbon d.ox,de aser ^ 
su hs-ia«y ins— y eieva.es me tt mpera«re of po,ynrer ntaterta, m on,ya ^ 
.ocaHzed region or she of me tmaging layer of the imaging member above *e ^ 
trans «,o„ temperatnre (T g) . Ahhough the ,hermop,as,ic poiymer o^ena, m ~U 
t0 a, ieas, ,he giass transition ,empera,ure thereof, such hea,ed polymer matena, need b 
ly ,„ ,he npper portion of ,he seam area ,o achieve me seam — objeehves of* 
11. Howl, if desited, heaUng of ,he seam region eomple,ely mrough , e 
ZL or —ion thereof can he accomplish* daring heahng of a ocahzeo st. 
alon of me ,empera,are of on,y a snra,, .ocaHzed region or she a,ong ,he seam , ft m 
one edge of ,be be,, ,o the odter ,„ a, ,eaa, the g,ass transition tempemture of ^ 
Luetic po.ymet matena, is accompHshed prog— as the beat energy beam 
traverses die width of the be,, along the seam. 

,,0,6, An ahemative hea, source, a varia,ion of that shown in FIG. 7, employs an 
ong led focused !R emitting source ,ha, ean inCude, for exantp,e, an elongated ha.o^ 
uJL .ube coupled with a hemi-el.ipsoda, shaped cross-section eiongated refle^ Th 
Igated foeused ,R emitting source is poshioned above the seam lammator s«np an 
eiongaieu 10 elongated focused IR source thus 

covers the entire width of the imaging member 10. The elongated 
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once The width of .he focused IR heating line should cover the width of the laminate 34 
of ,„e ,amina,or strip 32. The heated strip and seam can men be compressed, as w,th a 
rolling wheel 108 (or a heated rolling wheel 115 according to that shown in Ftgure 9), 
while the belt 10 is be., down over the arcuate convex surface of tube 90, to complete the 
seam overcoating/lamination treatment Such a focused IR heating line can also be used ,n 
embodiments according to the process and apparatus of FIG. 6 where an externally-heated 
or cold compression rolling wheel 150 is used, while belt ,0 is held down over the surface 
of flat support 148. 

[0077] FIG. 9 illustrates another alternative embodiment of seam 
overeoa.ing/lamina.ion process and apparatus similar to that shown in FIG. 7. A single 
internally-heated compression whee! 1 15 is employed to hea, and compress the seam 30 of 
a belt 10 situated and held down with vacuum on an elongated support tube 90. The 
peripheral surface of wheel 115 has an arcuate concave cress section having a curvature 
which corresponds to or is slightly larger than the curvature of the arcuate convex surface 
of the elongated surface of the upper half of support mbe 90. This peripheral wheel 
surface should be maintained at a temperature sufficient to raise the temperature of the 
thermoplastic materia, in at leas, fire upper half of fire belt seam to its glass transthon 
temperature T, The peripheral surface of whee. 1 15 also preferably has a thin coattng 
surface of abhesive material, such as a fluoropolymer, such as Teflon, and the hke to 
prevent imaging .ayer material from adhering to the whee. surface during the seam 
treatment process. The heated compression wheel . .5 is preferably metallic with a smooth 
peripheral surface. Heating of the whee. can be accomplished by any suitable device such 
as for example, by an electromagnetic heating mechanism 116 to give fire destred 
temperature when whee. 115 traverses the width of belt 10 a.ong on fire seam 30. 
Alternatively, any other suitable device, such as a resistance wire heating system 1 17 can 
be employed to heat compression whee. 115. Where fire resistance wire is par, of the 
wheel, any suitable electrical connection such as slip rings 118 can be used to prov.de 
e.ectrical energy to the resistance wires. Sufficient hea, energy should be supphed to 
wheel 115 ,o adequate* hea, «he peripheral surface thereof. Preferab.y, fire ho. ro,a«able 
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compression wheel 115 is not reciprocated and the support tube 90 carrying belt 10 is 
moved during the seam treatment. However, if desired, the support tube and belt can be 
stationary and the wheel reciprocated or both can be reciprocated to achieve relative 
motion with each other. 

[0078] Thus, the process and apparatus of embodiments as shown in the examples 
described above produce a flexible imaging member in which the seam has a protective 
overcoating substantially free of protrusions, a smooth surface profile, and that exhibits 
good physical continuity. Additionally, the seam area produced by embodiments has 
reduced seam area thickness and enjoys reduced fatigue induced bending seam stress 
cracking under dynamic belt flexing conditions over the rollers of a belt support module 
during imaging machine operation. Furthermore, treating according to embodiments can 
substantially enhance imaging member production yield, effectively reducing the belt unit 
manufacturing cost. Because successful implementation of embodiments greatly reduces 
of substantially eliminates the need of labor-intensive and time-consuming manual seam 
inspection procedures, embodiments also effectively increase production belt yield by 
recovery of those belts that are otherwise lost as rejects due to the presence of seam 
protrusions. Thus, embodiments deliver a seam configuration with significantly improved 
qualities, better physical/mechanical attributes, such as smoother surface profile, absence 
of protrusion spots, thinner cross-section thickness, and little or no physical discontinuity 
to enhance cleaning blade performance and suppress the premature onset of fatigue 
induced seam cracking/delamination problem during extended electrophotographic 
imaging and cleaning processes. 

[0079] It should be noted that, though embodiments use a treatment article or strip 
with the thermoplastic polymer film on a carrier/support substrate, such as that shown in 
FIG. 4, the present invention can be performed with a treatment article or strip including a 
single layer of thermoplastic polymer with no carrier/support substrate. A number of 
examples are set forth hereinbelow and are illustrative of different compositions and 
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conditions .hat can be used in practicing embodiments. All proportions are by wetgh. 
unless otherwise indicated, are exemplary in nature, and are not limiting to the mventton. 
I, will be apparent that .he invention can be practiced with many types of compostttons and 
can have many different uses in accordance with the disclosure above and as pomted out 



hereinafter. 



EXAMPLE I: Bel. Preparation 



,0080] An electrophotographic imaging member web was prepared by providmg a roll 
of titamum-coated, Martially-oriented thermoplastic polyester substrate. The substrate 
comprised PET, Melinex (available from IC1 Americas, Inc.) and had a thickness of 3 mds 
(76 2 micrometers). A blocking layer with a dry thickness of 0.05 micrometer was formed 
on the substrate, on whieh an adhesive interface layer was men prepared with a dry 
thickness of 0.07 micrometer. The adhesive interface layer was .hereafter coated wtm a 
photogenerating layer with a dry .hiekness of 2.0 micrometers. However, a stnp about 3 
mm wide along one edge of the coating web, having the blocking layer and adhes.ve layer, 
was deliberately left uncoated by any of the photogenerating layer material to facrhtate 
adequate electrical contact with me ground strip layer that is applied later. Next, a charge 
transport layer and a ground strip layer were applied by co-extrusion of the coattng 
materials. The uneoated portion of the adhesive layer was included in the application of 
.he ground snip layer. Finally, an anti-eurl coating was applied to the rear surface (stde 
opposite the pho.ogenera.or layer and charge transport layer) of the eleetrophotographtc 
imaging member web to produce a dried coating layer having a thickness of 13.5 



micrometers. 



[00811 The charge transport layer was prepared by introducing into an amber glass 
bottle in a weigh, ratio of 1:1 (or 50% wt of each) N,N--diphenyl-N,N'-b.s(3- 
methylphenyl>l,l'-biphenyl-4,4--diamine and Makrolon 5705, a Bisphenol A 
polycarbonate thermoplastic having a molecular weight of about 120,000 commercially 
available from Farbensabricken Bayer A.G. The resulting mixture was dissolved to g>ve 
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,5 percent by weigh, solid in me<h yl ene e»,oride. This solution was applied on the 
pho.ogenera.or layer hy extrusion .o form a coating which upon drying gave a duckness of 
24 micrometers. 

,00821 The prepared electrophotographic unaging member web had a width of 353 
Lil.ime.ers and was eu, ,o provide five rcCangular shee,s each 5 5 9. 5 mtilimelers in lengti, 
for flexible imaging member seaming operation. The opposite ends of each rmagmg 
me mber were overlapped 1 mm and joined by an ulttasonic energy seam welding process 
using a 40 Khz hom frequency * form a seamed electrophotographic imagmg member 
having a «p seam splashing surface morphology 74 and drying a . 
disconflnuiry s,ep 72 wi,h a Junction poin, 76 according ,o ,he i.lustiation ,n FIG. 2. Four 
of tire Ave seamed bells were ready ,o be used for invention seam overcoatingAammation 
processing while one of me remaining unprocessed seamed be,, was used ,0 serve as a 
control. 

EXAMPLE II: Treatment Article Preparation and Application 
No Substrate 

1,083, Six thermoplastic polymer coating solutions were prepared by dissolving 
Makro.on 5705 polycarbonale with varymg amoun, of charge tianspor, compound N,N - 
d i phcny,l-N,N-.his(3-me,hy,pheny,)-.,r-bispheny,-4,4,diamine in methylene c l on de 
The prepared solutions were each applied over a mleasing substrate and dned a, 257 
(12 5°C) in an air circulating oven for 5 minu.es .o rid me solven. and .hen removed from 
.he release substia.es to give thermoplastic polymer layers containing 0% wt, 10% w«, 20 /. 
w, 30% wt, 40% w., and 50% w. charge transport compound in each respective 25 
nricromOer .hick layer. The Ihermoplastic polymer layers were each analyzed for glass 
transition .emperamre, T„ using differential scanning ca.orime.ric meflrod. The results 
oblained, Hs.ed in me .able hdow, showed .ha. me addition of charge rtansport compound 
.„ tire Makrolon could provide successive suppression of tire T, of me resuhing polymer 

layer: 
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1008 4, A 5 nun width strip was on, from the thermoplastic polymer ,ayer containing 
I y weigh, charge transport compound (essentially identical ,0 the charge t^pori 
5U/o oy wci 6 & Pvamole D and placed over the top 

layer of the electrophotographic imaging member of *^ ^ \ q{ Qne welded 

u*u 68 (refer to seam morphology description in FIG. I) 01 o 
seam splash 68 (refer P ^ ^ fe 

electrophotographic imaging member of Example I, which 

- . atp thB seam reg ion by heat and compression processing as that shown 
overcoat/laminate the seam region vy a „-„wi m atelv 

Kv thp hot compression bar was approximately 
FIG. 5. The compression pressure exerted by the hot compr 

f oK,w nO°C to effect the seam 
200 lbs/in 2 and with a temperature of about 130 C 

overcoatingAamination outcome. 

UKKS, Since the processing was carried on. a, a temperature 46«C above the T the 
J!* — became compress** as we,, as ma„eab,e nnder the apphed pressure to 
readdy ft.se onto the seam and fdl-np the seam step juncuon 76. 

EXAMPLE III: Treatment Article Preparation and Application 
Substrate 

-a h„ A\ «ol vine 1 0 grams of Makrolon in 90 grams 
[00861 A coating solution, prepared by dissolving gr 

J It mixtnre consisting of ,0 parts of methylene chloride and , 0 parts of . £ 
11 applred to a 3-mi. mi* WaHy-oriented PET subarate hy hand eoatmg usmg a B,rd 
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r ate The coated we, Makrolon ,aye, was aUowed .0 dry under room ambren, 
apphcate. The «*d „ thick soM po,ymer layer contanrtng 

conditions for 15 hours to produce 35 ^ ^ 

60% by weigh. Makrolon and approxrmateiy 40/. by wergh 

me,hyi i r t~ r: g : i w as - . « * ~ 

- ^ ' ' "TpET to remove 2 mm of Makro.on coating layer from each 
,be Maxro.on layer no il.ustrated in FIG. 4, which consists of a 4 mm 

side to create a .ammator sm 32, hke tha ^ ^ ^ 

width thermoplastic polymer laminate 34 adhered onto 



substrate 36. 



„„„,, The fabricated .aminate strip 32 was positioned over the seam of tiie second 
2 etecftophotographic imagmg member of Exampte . -M- 

H loTthe seam overcoat after completion of the hea.compress.on application^ 
rem oved ftom .he seam < ^ physica , md 

The resulting overrated seam had been touno 

mor phologica. a..ribu.e improvement seen in me treated seam of Example H. 

EXAMPLE IV: Treahnen. Article Preparation & Application 

Solution of Example I. on Subs.ra.e; 1R Lamp and Wheel on Tube 

„ 088 , A lamina.or ship 32 was prepared, using a coating solution according m 

, ., 3 mi. tirick biaxially oriented PET substrate, according to .he procedures 
Example II and ^i t i £ V ^ ^ ^ ^ ^ g 

descnbed in Example HI, to give compound, over PET 

70S by weigh. Makrolon and 30% by wergh, charge -° 

. . « n,, a.rface of laminate 34 of the prepared laminate strip u 
carrier substrate 36. The surface or lamr m , lhv i,„e chloride to 

„ „« „,int brush! with small amount of methylene cmoi 

r. si - isi i- — - - — 
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of anchoring .he laminator ship 32 directly onto fine seam of the third welded 
elechophotographic imaging member of Example I, which was he!d down over a 2-meh 
diameter tube 90 as illustrated in FIG. 7. The overcoating/lamination processing nsed an IR 
hea, sonrce 103 to provide a focused, 8 mm diameter ho. spot for localized heating of the 
,amina.„r ship 32 to a temperature of 120»C. The ho. spot was followed w«h a free 
rotating compression wheel 10S to generate an 8 lbs/in compression line for effective seam 
overcoating/lamination result. 



,00891 The heating and compression procedures to achieve the invention senm 
overcoating/lamination result were carried on. according to embodiments such as that 
mus.ra.ed in FIG. 7 and given in me preceding text of mis specification. Stnce the 
laminate 34 was loosely adhered to me PET carrier substrate 36, the PET was readtly 
peeled off from the overcoated seam after the processing. 

EXAMPLE V: Treatment Article Preparation and Application 
Treatment Article of Example IV; IR User and Wheel on Tube 

.0090] A laminator strip 32 was again prepared, in exact same manners described in 
Example IV, to give a. laminate 34 having 25 micrometers in thickness and contammg 
30% by weigh, charge transport compound over PET carrier substrate 36. 

[0091] To effect invention seam treatment processing, the fourth welded 
electrophotographic imaging member 10 of Example I was suspended (as shown m the 
iUnstratton of FIG. 7) over a horizontally movable cantilevered supporting alummum fi.be 
90 having a 2-inch (5.08 centimeters) diameter, a wall thickness of about 0.25 mch (6.35 
millimeters), and an anodized outer surface, with the welded seam 30 parked directly along 
the top (i e. .2 o'clock position) of .he support tube 10 and being parallel to the axrs of me 
tube The tube 10 contained a pair of slots 10, with one slot at the 9 o'clock position and 
the other a, fire 3 o'elock position. Each s.o, extended along the lengftt of the tmagrng 
member widm and was 2 millimeters wide. The free end of the tube 10 was sealed by a cap 
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and the supported end was connected to a flexible hose leading through a valve to a 
vacuum source. The vacuum source was maintained at a pressure of about 40 mm Hg. 
The belt in the seam area was held down against the upper arcuate convex surface of the 
supporting tube when the valve to the vacuum source was opened so that the seam area 
conformed to the shape of the upper surface of the tube. The laminator strip 32, having the 
surface of the laminate 34 moistened with methylene chloride was placed directly over the 
seam give some adhesion hold down onto the seam region for ease of carrying out the 
heat/compression seam lamination process. The temperature of a localized circular spot, 
about 8 mm in diameter, of the laminator strip 32 and the respective covering seam region 
was raised to about 120°C using a sealed carbon dioxide laser heating source 103 (Model 
Diamond 64, available from Coherent, Inc.) instead of the focused IR of Example IV. The 
laser heat source 103 had an adjacent trailing free rotating compression wheel attachment, 
as shown in FIG. 8, which was adjustable to deliver an about 8 lbs/cm compression line 
over the heat spot by spring 1 10, to effect the heat/compression process. 

[00921 This invention seam treatment processing was then carried out according to the 
schematic illustration of FIG. 7. The carbon dioxide laser heating source had a 150 
wattage power capability, but for the purpose of present seam treatment process, it was 
adjusted to deliver an energy output of only about 5.6 watts at an 8 millimeter diameter of 
raw laser beam spot, an infrared sensing camera was employed to adjust laser delivery of 
150 Hz, 50 microsecond pulse duration, and a seam traversing speed of 2 in/s (5.08 cm/s) 
to ensure that the heat spot on laminator strip for seam treatment temperature reached 
120°C. A spot temperature of 120°C was sufficient to soften the laminate 34 and the 
charge transport layer beneath the laminate 34 for effectual application of the overcoating 
laminate to smooth out surface profile, fill the seam splash junction 76 to thereby eliminate 
the physical discontinuity, and yield seam stress-release result. The laser heat source 
emitted a dominant radiant wavelength of 10.64 micrometers and formed a substantially 
circular laser spot of about 8 mm in diameter incident over and straddling the laminator 
strip and seam area to provide instant heating result in the localized site to effect such 
heating progressing along the length of the seam, as the support tube 90 with the held 
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down belt 10 were moved under the laser heat source/compression wheel assembly at a 
traversal speed of 2 in/s (5.08 cm/s) and exerting about 20 pounds of rotating wheel 
compression force by the spring 1 10 to yield a 4 mm line contact over the laminator strip 
and the covering seam region; accordingly, the rotating wheel generated an compression 
line force of about 8 lb/cm linear width . The entire seam heat/compression and 
overcoating/lamination processing carried out for each imaging member was completed in 
about seven seconds. 



EXAMPLE VI 



[00931 The invention seam overcoating/lamination processing carried out for the 
seamed electrophotographic imaging member belts described in Examples II to V was seen 
to give overcoat laminate that was strongly bonded to the welded seam region, since the 
laminate used was essentially made of the same materials and chemical components of the 
seam. Therefore, the end result of the seam overcoatingAamination was that the laminate 
was fused onto the seam area and became an integral part of the seam, which eliminated 
the physical discontinuity to display a tapering surface topology without the seam splash 
junction 76. Further seam surface roughness analysis of these seamed belts before and 
after treatment, using a Wyko Gauge surface analyzer, showed that the original seam 
splash surface roughness was significantly reduced from an average high Ra value of 6.3 to 
a low value of 1.6. The inventive treatment process was also found to produce a slight 
overall reduction in seam area thickness of up to about 10 percent. 

[0094] The control electrophotographic imaging member of Example I and the four 
seam overcoated electrophotographic imaging members obtained through the treatment 
process of the present invention described by Examples II to V were each dynamically 
cycled and print tested in a xerographic machine, having a belt support module comprising 
a 25.24 mm diameter drive roller, a 25.24 mm diameter stripper roller, and a 29.48 mm 
diameter tension roller to exert on each belt a tension of 1.1 pounds per inch. The belt 
cycling speed was set at 65 prints per minute. 
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,0095] The control imaging member of Example I, having no seam overcoat 
iaminate, was cyclie .esred .0 on.y ahou. 56,000 prinrs and .erminated for me reason of 
developing onset of seam cracking/delamination problem. 

,0,96] When the very same belt cycling procedure was repeated with each of the 
im agmg members throngh the process of the present invention, neither seam failure nor 
notable ripple appearance in the image zones were observed after compleoon of 5 0,« 
prints of belt cyclic .estrng. Further, minimal cleaning Made wear was observed after 
completion of 500,000 prints of belt cyclic testing. 

100971 I„ recapitulation, the seam overcoating/lamination process of the present 
invention resolves seam cmddng/de.amination problems, provides a very short treatment 
processing cyc.e time, subsUan.ia.ly ehminates seam splash Junction physica! disconttnurty, 
subsuan.ia.ly prevents me appearance ofripp.es in me imaging zones adjacent .0 .he seam 
heat .reatmen, area, provides smoother surface profiles, produces dimensronaUy stable 
imaging members, suppresses c.eaning b.ade wear, and yie.ds a processed seam 
substantia.., free of high protrusion spo<s .0 .hereby reduce seamed imaging member 
rejection rates, which increases imaging member produCon yield. 

,,098] It wiU be app.ecia.ed ma. various of me above-drsdosed and other features and 
actions, or ahemauvea .hereof, may be desirab,, combined into many other different 
systems or applications. A,so mat varrous presently unforeseen or unantrcpatet. 
aftematives, modifications, variations or improvements therein may be subsequent y made 
by .hose skffied in me ar. which are also intended .0 be encompassed by the foUowmg 
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